Background Previous research suggests a possible link between the use of sleep medications and mortality, but findings are mixed and well-controlled community-based studies are lacking. Objective The aim of the current study was to examine the prospective association between sleep medications and all-cause mortality. Method Using a cohort design with 13-15 years of follow-up, we linked self-reported medication use and data on possible confounders from the Hordaland Health Study (HUSK N = 21,826) obtained over the period [1997][1998][1999] to mortality data from the Norwegian Cause of Death Registry. Users of sleep medications (n = 159) were defined as those reporting intake of any prescribed sleep medication (coded according to the Anatomical Therapeutic Chemical [ATC] classification system) on the day before participation in HUSK. Users of sleep medications were also asked if their intake was on a daily or a non-daily basis. Analyses presented are adjusted for sociodemographic and lifestyle factors, mental and physical health, and other medication use. Results We found that both type and frequency of sleep medication use were associated with increased general mortality risk. Compared with participants not using sleep medications, those who reported any use had a twofold risk for mortality (95 % confidence interval [CI] 1.1-3.7); the hazard ratio (HR) was 2.9 (95 % CI 1.4-5.9) for daily and 1.1 (95 % CI 0.3-3.4) for non-daily users. Mortality risk was higher for benzodiazepines (HR 3.1; 95 % CI 1.3-7.6), but not significant for short-acting benzodiazepine agonists (HR 1.5; 95 % CI 0.7-3.5). Conclusion Community dwellers who use sleep medications, particularly benzodiazepines, had a significantly increased risk of dying during the 13-15 years of follow-up. The low numbers of individuals reporting chronic usage indicate that the data should be interpreted with great caution, and more well-controlled studies with registrybased information on sleep medication use are needed to further examine the potential harmful effects of sleep medications.
Introduction
It has been estimated that 6-10 % of the US adult population use hypnotic medication regularly, and corresponding figures have been found in European countries [1, 2] . The association between use of hypnotics and increased mortality has been examined in more than 20 studies [3] , and although most studies have found a significant association, several questions remain. For example, investigations of different subgroups of hypnotics are rare, and few studies have examined short-acting benzodiazepine agonists (Z-drugs), which are now more common than the traditional benzodiazepines. Furthermore, studies taking the effect of possible confounders, such as lifestyle behaviours and physical and mental health, into account are lacking. To further the research on this topic, the current study linked information from the Hordaland Health Study (HUSK) to the Norwegian Cause of Death Registry. The aim was to examine whether use of different hypnotics was associated with all-cause mortality over a 13-to 15-year follow-up period.
Methods

Study Population and Data Material
The baseline of the community-based HUSK study was conducted over the period 1997-1999 as a collaboration between the National Health Screening Service, the University of Bergen, and local health services. All individuals born in 1953-1957 who resided in Hordaland County on 31 December 1997 were invited to participate: 29,400 individuals. A total of 18,560 individuals born 1953-1957 answered the first questionnaire or attended a clinical examination, yielding a participation rate of 63 %. Similarly, 3,733 individuals (participation rate of 77 %) born 1950-1951 participated, giving a sample of 22,293 individuals. Of these, 21,826 signed the informed consent and provided valid data on the variables of interest, and thus constitute the study population.
Measures
Outcome
The Norwegian Cause of Death Registry is held by Statistics Norway and includes information on cause of death for all deceased individuals registered as residents in Norway at the time of death.
Exposure
Use of medication was assessed with the question ''Did you take any medication yesterday'' (yes/no). Participants who gave a positive response for this item wrote the names of all medications they took, and these were subsequently coded according to the Anatomical Therapeutic Chemical (ATC) classification system [4] . For purposes of the present study, we examined both sleep medications (ATC code N05C) and the following sub-categories of sleep medications: barbiturates (N05CA), benzodiazepine derivatives (N05CD), benzodiazepine-related drugs (N05CF), and other hypnotics and sedatives (N05CM). Participants also indicated whether they used the medication on a daily basis. Only N05CD (benzodiazepines) and N05CF (benzodiazepine-related drugs/Z-drugs) were used in the current study when comparing type of sleep medications, due to the low number of individuals using the N05CA and N05CAM categories (excluded from the analyses).
Covariates
Demographic and Lifestyle Factors
Level of education was reported in four categories, ranging from \7 years of schooling up to at least 4 years of higher education at college/university. We also used data on marital/cohabitant status, smoking (number of cigarettes smoked daily), and weekly level of exercise: (1) no or easy physical activity 1 h, (2) moderate physical activity 1-2 h, or (3) hard physical activity more than 2 h. Alcohol consumption was categorized according to weekly number of self-reported alcohol units per week (none, 1-2 units, 3-4 units, or C5 units).
Physical Health
Questions on somatic diagnoses were framed as follows: ''Do you have or have you had (one or more of the following): asthma, myocardial infarction, diabetes, stroke, angina, or multiple sclerosis''. In addition, the physical examination included measurements of height and weight (body mass index [BMI] kg/m 2 ), blood pressure, and total serum cholesterol. Use of medications other than sleep medications were used as an additional proxy for physical health. Pain was assessed by ten items asking participants if they experienced musculoskeletal pain (yes/no) in ten different body locations. For the current study, a sum score was created (range 0-10).
Mental Health
Symptoms of mental distress were assessed using the CONOR Mental Health Index (CONOR-MHI), which comprises seven items assessing core symptoms of anxiety and depression. The CONOR-MHI is adapted from the General Health Questionnaire-GHQ [5] and the Hopkins Symptom Check List (HSCL) [6] . The CONOR-MHI is typically used by summing up the seven individual items, and this continuous variable has been shown to have acceptable psychometric properties [7] .
Statistical Analyses
Cox proportional hazards models were computed to assess the effect of hypnotics on all-cause mortality. Both crude and adjusted models were analysed. In the first model, we adjusted for socio-demographic and lifestyle factors. To explore the relative importance of potential sets of confounders or mediators, we additionally adjusted for physical health (somatic diagnoses, pain and blood pressure), mental distress (CONOR-MHI total score), and use of other medications. Participants were followed from the date of participation in HUSK (1997) (1998) (1999) to their death or end of follow-up (31 December 2012), at which point they were censored (range of follow-up 13-15 years). Results are presented as hazard ratios (HR) with 95 % confidence intervals (CIs). We evaluated the proportional hazard assumption by inspecting the log minus log plots stratified on the level for each covariate and found no major deviation from a proportional hazard. Cause-specific deaths were not analysed due to statistical power constraints.
Ethics
The study protocol was approved by the Regional Committee for Medical Research Ethics of Western Norway and approved by the Norwegian Data Inspectorate. Written consent was obtained from all subjects included in this study.
Results
Demographic and Clinical Characteristics
The frequency of sleep medication use on the day before study participation was 0.7 % (n = 159), of which 80 participants indicated daily usage. As detailed in Table 1 , use of sleep medication was more prevalent among women, individuals with low education, smokers, and those with low physical activity. The number of self-reported somatic diagnoses and use of other medications were also higher among users of sleep medications. Sleep medication use was not associated with alcohol use or BMI (see Table 1 for details).
Sleep Medication and Mortality Risk
During the follow-up period from 1997-1999 through 2012, a total of 622 of 21,826 (2.8 %) individuals died, of whom 288/11,750 (2.5 %) were women and 334/10,207 (3.3 %) were men. In the crude analyses, use of any sleep medication was associated with a threefold increase in mortality (HR 3.36; 95 % CI 1.85-6.10; Table 2 ). Adjustment for demographic and lifestyle factors only slightly reduced the association, and the effect remained after additional adjustment for physical and mental health, as well as use of other medications (HR 1.97; 95 % CI 1.06-3.66).
Mortality risk was higher for daily users of sleep medication (HR 5.25; 95 % CI 2.61-10.55), and this effect also remained in the fully adjusted model (HR 2.87; 95 % CI 1.40-5.91). Non-daily usage was not associated with increased mortality compared with those not using sleep medications. Use of benzodiazepines was more strongly associated with mortality than Z-drugs (HR 6.45 vs. HR 2.43, respectively. Although the effect of benzodiazepines on mortality also remained in the fully adjusted model (HR 3.08), this was not the case for Z-drugs (HR 1.53). As shown in Fig. 1 , the mortality risk was especially high among daily users of benzodiazepines (HR 6.7), followed by non-daily users of benzodiazepines (HR 3.9) and daily users of Z-drugs (HR 3.3). Non-daily users of Z-drugs did not exhibit an increased mortality risk.
Discussion
In short, while no relation with mortality for intermittent users of Z-drugs was found, the current study showed that use of benzodiazepines and chronic usage of Z-drugs both were associated with increased risk of all-cause mortality. Most of the effect estimates were reduced, but remained significant, after adjusting for confounding factors (except for Z-drugs). However, the low numbers of individuals reporting chronic usage indicate that the data should be interpreted cautiously.
In line with Kripke et al. [3] , the strongest effects were found for benzodiazepines, and especially those using benzodiazepines every day. Despite limitations caused by restrained statistical power, the current study also found non-daily users of benzodiazepines and daily users of Z-drugs to significantly predict subsequent mortality in the crude analyses. However, adjusting for mental and physical health reduced the effect of Z-drugs to a non-significant level. Although the exposure measure in the current study was suboptimal and likely to identify extensive use of sleep medications rather than more occasional use, the results support previous notions that benzodiazepines may increase general mortality risk.
Several mechanistic pathways between sleep medication and mortality have been directly or indirectly suggested in previous literature. For example, use of sleep medication has been linked to increased risk both of later depression [8] and of suicide [9, 10] . Moreover, it has been shown that both benzodiazepines and Z-drugs are often found in mixed-drug overdoses [11] . Previous studies have also linked sleep medication with cancer [12] . One proposed link between sleep medication and cancer may be infections. For example, a recent meta-analysis reported that patients who were prescribed sleep medications had significantly more infections, particularly in the upper respiratory system [13] , and infections in turn may increase the risk of cancer [14] . Moreover, sleep medications induce drowsiness, and, despite label warnings, sleep medication use is linked to increased risk of traffic accidents [15] . Finally, sleep medications may exacerbate symptoms of obstructive sleep apnea, which in turn has been linked to both motor vehicle crashes and cardiovascular deaths [16] .
The finding of a link between sleep medication and mortality should be interpreted cautiously due to some important methodological limitations. Most importantly, our exposure measure (sleep medication use) was based on self-report, and the question was phrased in such a manner that only participants reporting taking sleep medication on the day before participating in the study were included in the groups of sleep medication users. Consequently, our exposure measurement is likely to be more representative of those with a high and frequent intake of sleep medication, and many frequent users of sleep medication who did not use the drug that particular night were considered controls. This could again mean that we have a group with more severe sleep problems, and possibly also higher general morbidity, as sleep problems correlate with several Data are presented as % unless otherwise indicated MHI Mental Health Index, SD standard deviation * p \ 0.05, ** p \ 0.01, *** p \ 0.001, contrasting non-users versus any sleep medication users. p values are based on Chi-squared tests (proportions) and independent samples t tests (means) 1 unit equals approximately 12 g ethanol other conditions [17] . As such, we are likely to have identified stronger associations than would be found for a wider and more modest group of users of sleep medication.
As for the possible co-morbidities for the group of high users of sleep medication, this should have partly been accounted for by our adjustment for several health problems and diagnoses. However, residual confounding (e.g., insomnia), imperfect measurements, and specific conditions not requested (e.g., cancer) cannot be ruled out. In relation to this, an important question is whether the discrepancy between the effect of benzodiazepines and Z-drugs is caused by the indication for using the drugs, or whether the differences can be ascribed to biological effects from the two types of drugs. Adjusting for covariates should theoretically remove some selection by indication, and lead us closer to identifying drug effects. However, given the low statistical power and other limitations of our study, we refrain from drawing any firm conclusion on this issue, and instead encourage future, more robust, studies to address this. Another consequence of the definition of the sleep medication group is that the number of sleep medication users was much smaller than would be expected from national prescription data: according to the Norwegian Prescription Database (www.reseptregisteret. no, which provides data from 2004 onwards), 5.8 % of the population in Hordaland County aged 40-44 years were registered as users of an N05C drug in 2004, which is substantially more than the proportion of users found in the current study (0.7 %). Further, more general register data from Norway show there was a substantial increase in consumption of sleep medication in general from 1997 to 2004 [18, 19] . However, no official data exist on the proportion of daily users or adherence to prescribed sleep medication, and, as such, it is difficult to estimate the accuracy of the self-reported measure used in the current study. The inadequate power of the small numbers is reflected by wide CIs, making the reported estimates less accurate and raising the possibility of missing important but not significant hazards (e.g., the HR 1.5, 95 % CI 0.7-3.5 for zolpidem). A related limitation is that we had no information on dosage or duration of sleep medication use, and we also had no data about use throughout the follow-up period. Furthermore, we had no information on (1997) (1998) (1999) whether the benzodiazepines were taken for reasons other than as a sleeping pill, and the dosage of intake may differ if the benzodiazepines were taken as medications for a psychiatric disorder. Related to this, although we adjusted for use of other medications, we were unable to further explore the extent to which combinations of several medications (polypharmacy) may have had an impact on the findings. Finally, the limited number of deaths restricts our ability to conduct subgroup analyses. Study strengths include the community-dwelling study population, the complete follow-up with objective register data on mortality, as well as being able to control for several important confounding factors.
Our findings, in line with several previous reviews, indicate a possible increased risk for mortality among users of sleep medication. This should lead to calls for increased efforts in determining whether there is any true causal association involved. To achieve this, we believe further studies examining cause-specific deaths and dose-response relationships are needed.
